(12) 



UK Patent Application „.,GB ,,,,2410518 ,«,A 



(43) Date of A Publication 03.08.2006 



(21) Application No: 

(22) DateofRRng; 

Date Lodged: 

(30} Priority Data: 
(31) 60338996 
(31) 60^9013 
(31) C0363829 
(31) 



(32) 12.11.2001 

(32) 12.11JM01 

(32) 13.03.2002 

(32) 12.06.2002 



0506097.2 
12.11.2002 
01.042005 

(33) US 



(52) Dfvfded from Application No 

0412S33.2 under Section 15(4) of the Patents Act 1977 



(51) INTCL^: 
e21B 43/10 

(52) UKa{EdMonXh 
E1F FLA 

(56) Docunrtents Cited: 
WO 2001/038893 A1 

(58) Reld of Search: 
INTCL^E21B 

Other OnDne: WPl EPODOC 



(71) Applicant (s): 

Envwiture Qtobal Technolofly 
(incorporated tn USA - Delaware) 
16200-A Park Rew« Houston. Texas 77064, 
United States of America 



(72) tnventor{5): 

Brodi Wayne Watson 
David Paul Briseo 



(continued on next page) 



(54) Abstract Title: CollBpaible expansion cone assembly 

(57) A collapsible expansion cone assembly comprises 
an upper cam assembly 38, a lower cam assembly 
40, and arrays of upper and lower expansion cone 
segments 44, 46. Each cam assembly includes a 
tubular base 38a, 40a and extending arms 38c, 40c 
defining inclined surfaces <38cbb. Fig 4a), (40cbb, 
Rg 3b). The upper expansion cone segments are 
interleaved with the upper cam arms, as are the 
lower cone segments with the lower cam arms. As 
the cam assemblies are moved together, the cones 
expand. The upper and lower expansion cones may 
overlap. The cone segrrients may be pivotally 
supported by upper and lower tubular support 
members 42, 48. 
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COLLAPSIBLE EXPANSION CONE 

Cross Reference To Related Applications 
Tiie present application daints the benefit of the flDng dates of: (1) U.S. provisional 
patent application serial no. 60/338.996, attorney docket no. 25791.87, filed on 
5 11/12/2001, (2) U.S. provisional patent application serial no. 60/339.013. attorney 
docket no. 88, filed on 11/12/01 (3) U.S. provisional patent application serial no. 
60/363.829. attorney docket no. 25791.95. filed on 3/13/2002, and (4) U.S. prx>visional 
patent application serial no. 60/387.961, attorney docket no. 25791.108, filed on 
6/12/2002, the disck>sures of vvhich are incorporated herein by inference. 

10 

The present application is related to the folkjwing: (1) U.S. patent application serial no. 
09/454,139. attaney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02. filed 

15 on 2/10/2000. (4) U.S. patent no. 6,328.113, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. 
C7) U.S. patent applicatton serial no. 09/511,941, attorney docket no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

20 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) POT patent application serial 
no. PCTAJS0Q/ia635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provlsionai patent apptteatton serial no. 60/162.671, attorney docket no. 25791 .27. filed 
on 11/1/1999, (12) U.S. provisional patent applteatlon serial no. 60/154,047. attorney 

25 docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provistonal patent appHcatton serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent applicatton serial no. 60/159.039. attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provistonal patent appBcatton serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent applicatton serial 

30 no. 60/212,359, attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provistonal 
patent applicatton serial no. 60/165,228, attorney docket no. 25791.39. filed on 
11/12/1999. (18) U.S. provisional patent application serial no. 60/221.443. attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent appBcatton serial 
no. 60/221.645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provistonal 
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patent applicafion serisd no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisfonal patent api^lcation serial 
no. 60/270.007, attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional 

1/17A2001. (24) U.S, provisional patent applicatton serial no. 60/259,486, atton^y 
docket no. 25791.52, filed on 1/3^1, (25) U.S. pravisiond patent appHcafion serid 
no. 60/303.740, attorney docket no. 25791.61. filed on 7/6/2001, (26) U.S. provisional 
patent ap|:rik»Uon serial no. 60/313.453. attorney docket no. 25791.59. filed on 
10 8/2Q/2001. (27) U.S. provistonal patent appHcation serial no. 60/317.985, attorney 
docket no. 25791.67. filed on 9/6/2001. (28) U.S. provi^onal patent applicafion serial 
no. 60/318,021. attorney docket no. 25791.58. filed on 9/7/2001. (29) U.S. provisional 

pawiii a|>piiuauOi I a»cfieu iiu. Ou/ oa I OyOOO, csiiiuiimy uuuktsi flU. ^Drvi.bf .u^, iinsQ On 

9/1Q/2001, (30) U.S. provisional patent application serial no. 6(V326.886. attorney 

15 dodcet no. 25791.60, filed on 10/3Q001. (31) U.S. utility patent application serial no. 
09/969.922. attoniey dodcet no. 25791.69. filed on 10/3C001, (32) U.S. provisional 
patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on 
11/12/2001, (33) U.S. provisional patent appltcation serial no. 60/339,013, attorney 
dodcet no. 25791.88. filed on 11/12/2001. (34) U.S. utility patent application serial no. 

20 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. provisional 
patent application serial no. 60/343,674, attorney dodcet no. 25791.68, filed on 
12/27/2001. (36) U.S. provisional patent application serial no. 60/346.309, attorney 
docket no 25791.92, filed on 1/7/2002. (37) U.S. provistonal patent application serial 
no. 60/357,372. attorney dodcet no. 25791.71, filed on 2/15/2002. (38) U.S. provisional 

25 patent application serial no. 60/363.829. attorney docket no. 25791.95, filed on 
3/13/2002. (39) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93. filed on 4/12/2002. (40) U.S. provisional patent application serial 
no. 60/372,632, attoniey docket no. 25791.101. filed on 4/15/2002, (41) U.S. 
provisional patent application serial no. 60/380,147, attorney docket no. 25701.104, 

30 filed on 5/6/2002, (42) U.S. provistonal patent applicafion serial no. 60/383,917, 
attorney docket no. 25791.89, filed on 5^/2002, (43) U.S. provisional patent 
appGcatton serial no. 60/387,486, attorney docket no. 25791.107. filed on 6/10/2002. 
(44) U.S. provisional patent appBcafion serial no. 60/387,961, attorney docket no. 
25791.108. filed on 6/12/2002, (45) U.S. provistonal patent appUcatton serial no. 
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60/391.703. attorney docket no. 25791.90. filed on 6/26Q002. (46) U.S. provisional 
patent applicabon serial no. 60/397.284. attorney dodcet no. 25791.106. filed on 
7/19/2002. (47) U.S. provisional patent appflcation serial no. 60/398,061, attorney 
docket no. 25791.1 10. filed on 7/24/2002. (48) U.S. provistonal patent applicatkxi serial 

5 no. 60/399.240. attorney docket no. 25791.111. filed on 7/29/2002. (49) U.S. 
provisional patent appHcatlon serial no. 60/405.610. attorney docket no. 25791.119. 
filed on 8/23/2002. (50) U.S. provisfonal patent appllcatton serial no. 60/405.394. 
attorney docket no. 25791.120. filed on 8/23C002, (51) U.S. provisional patent 
application serial no. 60/407.442. attorney docket no. 25791.125, filed on 8/30/2002, 

10 (52) U.S. provisional patent applicatfon serial no. 60/412.542. attorney docket no. 
25791.102, filed on 9/20/2002, (53) U.S. provisional patent application serial no. 
60/412,177. attorney docket no. 25791.117. filed on 9/20/2002. (54) U.S. provisional 
patent applicatten serial no. 60/412,653, attorney docket no. 25791.118. filed on 
9/20/2002, (55) U.S. provisfonal patent applicatfon serial no. 60/412.544. attorney 

15 docket no. 25791.1 21. fled on 9/20/2002, (56) U.S. provisional patent appllcatton serial 
no. 60/412,187. attorney docket no. 25791.128. filed on 9/20/2002. (57) U.S. 
ptovlskMial patent applteatton serial no. 60/412,187. attorney docket no. 25791.127, 
filed on 0/20/2002, (58) U.S. piovlstonal patent applteatton serial no. 60/412,487. 
attorney docket no. 25791.112. filed on 8^0/2002. (59) U.S. piovlstonal patent 

20 application serial no. 60/412.488. attorney docket no. 25791.114. filed on 9/20/2002. 
and (60) U.S. provisional patent appfication serial no. 60/412.371. attorney docket no. 
25791.129, filed on 9«0«2002, . (61) PCT Patent Applteatton No. PCT/U30 2 
attorney docket no. 25791.87.02. filed on 11/11/02 and (62) PCT Patent Appllcatton 
No. PCT/US02 , attorney docket no. 25791.88.02. filed on 11/11/02, the 

25 disclosures of wfrich are incwporatsd herein by reference. 

Background Of The Inventton 

This invention relates generally to oil and gas exptoration. and in partteular to forming 
30 and repairing wellbore casings to facilitate oil and gas exploratton. 

During oil exploration, a wellbore typically traverses a numl)er of zones within a 
subterranean fomiatton. Wellbore casings are then fomied in the vwllbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 
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by ttireaded connections. Existing me&iods for radially expanding and plastically 
defonning tubular members coupled to one anott>er by threaded connections are not 
always reliable or produce sattefactory results, in particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations erf the 
e)ds&ng processes for radially expanding and plastically deforming tubular members 
ooufried to one another by ttireaded connections. 

10 Summary of the Invention 

According to one aspect of the present invention, an apparatus for radially expanding 
and plastically defomning an expandable tubular member is provided tiiat includes an 
upper tubuliur supp<^ member defining a first passage, one cm more cup seals coupled 
to ttie exterior surface of tt^ upper tubular support member for seaDng an interface 
15 between the upper tubular support member and the expandable tubular mmber» an 
upper cam assembly coupled to ttie upper tububr support member comprising: a 
tubular base coupled to the upper tubular support member, and a plurality of cam arms 
extending from the tubular base in a downward bngitudtnal direction, each cam amn 
defintr^ an inclined surface, a plurality of upper expansion cone segments interleaved 
20 witti the cam arms of the upper cam assembly and pivotaRy coupled to ttie tubular 
support member, a lower tubular support memt^er defining a second passage fluididy 
coupled to the first passage releasably coupled to the upper tubular support member, 
and a lower cam assembly coupled to ttie lower tubular support member comprising: a 
tubular base coupied to the lower tubular support memt>er, and a plurality of cam arms 
25 extending from the tubular base in an upward longitudinal direction, each cam amn 
defining an inclined surface that mates witti the Inclined surface of a coresponding one 
of ttie upper expansion cone segments, wherein the cams amns of the upper cam 
assembly are tnteileaved witti and overiap ttie cam arms of ttie lower cam assembly, a 
plurality of lower expansion cone segments interleaved witti cam arms of the lower cam 
30 assembly, each lower expansion cone segment pivotally coupled to ttie lower tubular 
support member and mating witti ttie inclined surface of a corresponding one of ttie 
cam arms of the upper cam assembly, wherein tiie lower expansion cone segments 
interleave and overlap the upper expansion cone segments, and wtierein the upper 
and lower expansion cone segments togettier define an arcuate spherical external 
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surface for plastically deforming and radially expanding the expandal)i6 tubular 
member. 

According to another aspect of the present invention, a collapsible ^cpansion cone 
assembly is provided that includes an upper tubular support member comprteing an 
Internal flange, an upper cam assembly coupled to the upper tubular support member 
comprising: a tubular base coupled to the upper support member, and a plurality of 
cam arms extending from the tubular base in a downward longitudinal direcUcxi. eadi 
cam arm definbig an indmed surface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly and pivotally coupled to the 
interned flange of the upper tubular support memt>er, a lower tubular support member 
comprfeing an internal flange, one or more frangible couplings for releasably coupling 
the upper and tower tubular support numbers, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support noember. and a pluraBty of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam arm defining an Inclined surface that mates 
with the inclined surface of a conesponding one of the upper expansion cone 
segments, wherein the cams amis of the upper cam assembly are interieaved with and 
overiap the cam anns of the lower cam assembly, and a plurality of tower expansion 
cone segmente interieaved with cam arms of the lower cam assemt)ly, each lower 
expansion cone segment pivotally coupled to the internal flange of the lower tubular 
support member and mating with the inclined surface of a correspondtoig one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
interieave and overiap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together d^ne an arcuate spherical external 
surface for plastically deforrrting and radially expanding the expandable tubular 
member. 

According to another aspect of the present invention, an apparatjs for radially 
expanding and plastically deforming an expandable tubular member Is provided that 
includes a tubular support rBember, a collapsible expansion cone coupled to ti^ tubular 
support nf)emt>er, an expandable tubular member coupled to the collapsible expansion 
cone, means for displacing the collapsible expansion cone relative to tiie expandable 
tubular member, and means for collapsing the expansion cone. 

5 



10 



According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam amis extending from the tubular base in a dovwiwanl longitudinal 

dirBdion. c^ch ram arm Hoftninrv an tw*f4tp%0sM ^t,ms^^ ^ ^» i-^.. ^ 

iiiMtiKTu 9WI1ICIUO, o piuiciniy ar upper expansion 

cone segments interleaved with the cam anms of the upper cam assembly, a lower cam 

assembly comprising: a tubular base, and a plurality of cam anns extending from the 

tubular base in an upward longitudinal diradion. each cam ami defining an Inclined 

surface that mates with the Incfined surface of a corresponding one of the upper 

expansion cone segments, wherein the cams arms of the upper cam assembly are 

interleaved voith and overlap the cam amis of the lower cam assembly, a plurality of 

lower expansion cone segments interleaved with cam arms of the lower cam assembly. 

each iniMmr nYnanetnn f<nnA oamm^..*. ..smL ^t-- • > • . 

— ooyiiiom. iiiauiig wiin - ihe- inamea surraoe or a 

corresponding one of the cam anns of the upper cam assembly, means for moving the 
15 upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the invention, an apparatus for radially expanding and 
plasticaDy deforming an expandable tubular member is provided that includes a tubular 
20 support member, a coBapsIble expansion cone coupled to the tubular support membw. 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relativa to the expandable tubular member, 
and means for collapsing the expansion cone. 

25 According to another aspect of the invention, a coliapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a pluraflty of cam 
amis extending from the tubular base in a downward tongitudinal directfon, each cam 
arm defining an inclined surfiace, a plurality of upper expansion cone segments 
Interleaved with the cam arms of the upper cam assembly, a lovwr cam assembly 

30 comprising: a tubular base, and a plurality of cam ame extending from the tubular base 
In an upward longitudinal direction, each cam amfi defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wher^ the cams amns of the upper cam assembly are Interleaved with and 
overlap the cam anns of the lower cam assembly, a plurality of lower expansion cone 
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segments Interleaved with cam amis of the lower cam assembly, each lower expansion 
cone segment mating with the Incfined surface of a conesponding one of the cam amis 
of the upper cam assembly, means for moving the upper cam assembly away from the 
lower expansion cone segments, and means for moving the lower cam assembly away 
5 from the upper expansion cone segments. 

According to another aspect of the invention, a method of radially expanding and 
plastically defom»lng an expandable tubular member Is provided that includes 
supporting the exparnlable tubular member using a tubular support member and a 
collapsible expansion cone, injecting a fluldic material into the tubular support member, 
sensing the operating pressure of the Injected fluldic material within a first interio^ 
portion of the tubular support member, displacing the collapsible expansion cone 
relative to the expandable tubular member when the sensed operating pressure of the 
injected fluldic material exceeds a predetemilned level within the first Interior portion of 
the tubular support member, sensing the operating pressure of the Injected fluldic 
material within a second Interior portion of the tubular support member, and collapsing 
the collapsibie expansion cone when the sensed operating pressure of the Injected 
fluldic material exceeds a predetermined level within the second Interior portion of the 
tubular suiHJort member. 

20 

Brief Description of the Drawings 
Rg. la is a fragmentary cross^onal iflustration of the placement of a portion of an 
exemplary embodiment of an apparatus for radially expanding and plastically 
defbmiing a tubular member that Includes a collapsible expansion cone within a 
25 preexisting structure. 

Rg. lb Is a fragmentary cross-sectional illustration of another portion of the apparatus 
of Fig. la. 

30 Rgs. 2a and 2b are fragmentary cross^sedional Illustration of a portion of the 
apparatus of Rgs. la and lb. 

Rg. 3 Is a fragmentary cross-sectional illustration of a portion of the apparatus of Rgs 
la and lb. 
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Fig. 3a is a fragmentary crosS'SecUonal illustration of a portion of the apparatus of Fig 
3. 

C OK frT3«nnon*or\* orrkeceor^Smnol Itli lefrsifinn of 9 rvM-Hnri nf f Ho ar»r\ora ft IC nf Pin 

3. 

Fig. 4 Is a fragmentary cross-sectional illustFatlon of a portion of the apparatus of Rgs. 
1a and lb. 

10 

Fig. 4a Is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
4. 

Fig. 5 is a fragmentary cross-sedional iUustration of a portion of the apparatus of Figs. 
15 la and 1b. 

Rg. 6 is a fragmentary cross-sectional illustration of a portion of ttie apparatus of Figs, 
la and lb. 

20 Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations of the upper 
cam assembly of ttie apparatus of Rgs. la and lb. 

Rg, 7f IS a fragmentary cross-sectfonal illustration of tt^ lower cam assembly of the 
apparatus of Rgs. la and lb. 

25 

Rgs. 8a-8d are fragmentary cross-sectional and perspective illustrations of one of the 
upper cone segments of the apparatus of Figs. 1a and lb. 

Rg. 8e is a fragmentary anoss-sectional illustration of one of the lc»^r cone segments 
30 Of the apparatus of Figs, la and lb. 

Fig. 9 is a side view of a pc^on of the apparatus of Figs, la and lb. 
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Fig. 10a is a fragmentary cross sectional illustration 6f a portion of the apparatus of 
Figs. 1a and lb during the radial expansion of the expandat>le tubular member. 

Fig. IQb Is a fragmentary cross sectional Blustration of another portim of the apparatus 
5 of Fig. 10a. 

Rg. 11a. is a fragmentary cross sectional iflustration of a portion of the apparatus of 
Rgs. 10a and 10b during the adjustment of the expansion cone to a collapsed position. 

10 Rg. 11 b is a fragmentary cross sectional Hlustraton of another portion of the apparatus 
of Fig, 11a. 

Fig. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs. 
11a and lib. 

15 

Fig. 13 is a fragmentary cross sectionai Oiustration of a portion of the apparatus of Rgs. 
11a and lib. 

FIG. 14 Is a fragmentary cross secQonai illustration of a portion of the apparatus of 
20 Rgs. 1 1 a and 1 1 b with the expanston cone In a half o^iapsed position. 

FIG. 15 is a fragmentary cross sectionai illustration of a portion of the apparatus of 
Rgs. 11a and 1 1 b with the expanston cone in a fiiHy collapsed position. 

25 Fig. 16 is a side view of a portion of the apparatus of Figs. 10a and 10b. 

Fig. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1 la and 1 lb after the removal of the apparatus from Interior of the expandable 
tubular member. 

30 

Fig. 17b is a fragnrmntary cross sectional illustration of another portion of the apparatus 
of Rg.17a. 
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Detailed Description of the IDustrative Embodiments 
Referring to Rgs, la. lb, 2a. 2b, 3, 3a, 4. 4a. 5. 6, 7a. 7b. 7c. 7d. 7e. 7f. 8a. 8b, 8c. 8d. 
8e. and 9. an exemplary embodiment of an apparatus 10 for radially expanding and 

5 frfasticpllv dAfnrminn p ti th i ita r momhor inntnHoe 9 fiiKiilar et*t\r%0S94 mamKor 40 «K^* 

defines a passage 12a. An end of the tubular support member 12 Is coupled to an end 
or a safety collar 14 that defines a passage 14a, a recess 14b at one end for receiving 
the end of the tubular support member, and recesses 14c and 14d at another end. 

10 A torque plate 16 is received within and is coupled to the recess 14c of the safety collar 
14 that defines a passage 16a and a plurality of meshing teeth 16b at one end. An end 
of an upper mandrel collar 18 is received vM\ and is coupled to tt)e recess 14d of the 
safety collar 14 proximate and end of the torque plate 16 that defines a passage 18a. 
Torque pins 20a and 20b further couple the end of the upper mandrel collar 18 to the 

15 end of the safety collar 14. 

An end of an upper mandrel 22 is received within and is coupled to the upper mandrel 
collar 18 that defines a passage 22a, a plurality of meshing teeth 22b that mate with 
and transmit torque to and from the meshing te^ 16b of the torque plate 16. and an 
20 external flange 22c at another end. 

An upper packer cup 24 males with, receives and is coupled to the upper mandrel 22 
proximate the end of the upper mandrel collar 18. In an exemplary embodiment, the 
upper packer cup 24 Is a Guiberson^ packer cup. An upper spacer sleeve 26 mates 

25 with, receives, and is coupled to the upper mandrel 22 proximate an end of the upper 
packer cup 24. A lower packer cup 28 mates with, receives and is coupled to the 
upper mandrel 22 proximate an end of the upper spacer sleeve 26. In an exemplary 
embodiment, the lower packer cup 28 te a Guiberson^ packer cup. A lower spacer 
sleeve 30 mates with, receives, and is coupled to the upper mandrel 22 proximate an 

30 end of the lower padter cup 28 and the external flange 22c of the upper mandnsl. A 
retaining sleeve 32 mates with, recces, and is coupled to an end of the kiwer spacer 
sleeve proximate the external flange 22c of the upper mandrel 2Z 
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An end of a lower mandrel 34 defines a recess 34a that mates wHh, receives, and is 
coupled to the external flange 22c of the upper mandrel 22. a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c and an 
external flange 34d Including drcumferentiaily spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a oflhe end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating vnth 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
drcumferentiaily spaced apart meshing teeth 38b that extend from one end of the 
tubular base In the longitudinal and radial directions for engaging the meshing teeth 
15 34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
drcumferentiaily spaced apart cam amis 38c that extend from the other end of the 
tubular base In the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the extemal 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the ivper cam assembly 38. Each of the cam amis 38c indude an Inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical Inner and outer 
surfaces, 38caa and 38cab. a tepered Intermediate portion 38cb extending from the 
Inner portion that has an arcuate cylindrical Inner surface 38cba and an arcuate conical 
outer surface 38cbb. and an outer portion 38cc extending from the intermediate portion 
25 that has arcuate cylindrical Inner and outer surfaces. 38cca and 38ccb. In an 
exemplary embodiment, the radius of cun/atures of the arcuate outer cyiindricai 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces. 38caa. 38cba. and 38cca are equal. 



A lower cam assembly 40 indudes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that indudes an extemal flange 40aa. a plurality of drcumferentiaily 
spaced apart meshing teeth 4Cb that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of drcumferentiaily spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direcfion and mate with and receive the lovwer mandrel. Each of the cam arms 40c 
hchjde an Inner portion 40ca extending from the tubular base 40a that has arcuate 
cyllndrkal Inner and outer surfaces, 40caa and 40cab, a tapered intennediate portion 
5 40cb extendiiKi fiomtha innnr rw^rvn AOra that Koe on ^Mm.j,t^t 
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40cba and an arcuate conical outer surface 40cbb, and an outer portion 40cc 
extending from the Intemftediate portion that has arcuate cylindrical Inner and outer 
surfaces, 40oca and 40ocb. In an ^mplary en^knent. the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of cunratures 
10 the arcuate outer cylindrical surfaces 40ccb. in an exemplary embodiment, the radius 
of curvatures of the arcuate Inner cylindrical surfaces. 40caa, 40cba. and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemUtes. 3d and 40. 

upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40. 
15 Furthemiore. In an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap vwth the cam amis 40c of the lower cam assembly 40 In the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assemblies. 

20 An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating witti the outer circumferential surfaces of the extemal flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38. and an inner annular recess 42b, 
and includes an internal flange 42c for retaining the extemal flange 38aa of the upper 

25 cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded Interior end fece. An o-ring seal 44 Is received within the annular 
recess 42b for seeding the interface betwem the upper retaining sleeve 42 and the 
extemal flange 34d of the lower mandrel 34. A disc shaped shim 43 Is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 

30 flange 42c of the retaining steeve and the meting teeth 38b of the upper cam 
assembly 38. 



A plurality of upper expansion cone segmente 44 are interleaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segmente 44 
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include inner portions 44a having arcuate cylindrical inner surfaces, 44aaa and 44aab, 
and an arcuate cylindrical outer surface 44ab. intermediate portions 44b extending 
from the Interior portions that have an arcuate conical inner surface 44ba and arcuate 
cylindrical and spherical outer surfaces, 44bba and 44bbb. and outer portions 44c 
having arcuate cylindrical inner and outer surfaces. 44ca and 44cb. In an exemplary 
emt>odiment, the outer surfaces 44ab of the Inner portions 44a of the upper expansion 
cone segments define hinge grooves 44aba that receive and are ph/otaily mounted 
upon the internal flange 42d of the upper retaining sleeve 42. 

The arcuate inner cyfirKirical surfaces 44aaa mate with and receive the lower nf\andrel 
34, the arcuate inner cylindrical surfaces 44aab mate with and receive ttie arcuate 
cylindrical outer surfaces 40ccb of the outer portions 40cc of the corresponding cam 
arms 40c of the lower cam asswibly 40, and the arcuate inner conical surfaces 44ba 
mate with and receive the arcuate cc^ical outer surfaces 40d)b of the intenmediate 
portions 40cb of the corresponding cam antis of the lower cam assembly. 

In an exemplary embodiment, ttie radius of curvature of the arcuate cylindricai inner 
sur^ce 44aaa is less than the radius of curvature of the arcuate cylindrical inner 
surface 44aab. In an exemplary embodiment the radius of curvature of the arcuate 
<^indrical inner surface 44ca is greater than ttie radius of curvature of the arcuate 
cyRndrical surface 44aab. In an exemplary embodiment the arcuate cylindrical inner 
surfaces, 44aaa and 44aab, are paralld. In an exemplary embodiment the arcuate . 
cyiindricai outer surface 44ab is inclined relative to ttie arcuate cylindrical inner surface 
44aaa. In an exemplary embodiment the arcuate cylindricsd out^ surface 44bba is 
parallel to the arcuate cylindrical inner surfoces, 44daa and 44aab. In an exemplary 
embodiment tlie arcuate cyDndrical outer surboe 44cb is inclined relative to the 
arcuate cylindrical inner surface 44ca. 

A plurality of lower expansion cone segments 46 are interieaved among, and overiap, 
the upper expansion cone segments 44 and the cam arms 38c of the lov/er cam 
assembly 38. In this manner, torque loads may be transmitted t>etween the upper and 
lower expansion cone segments, 44 and 46. Each of the lower expansion cone 
segments 46 include inner portions 46a having arcuate cylindrical Inner surfaces, 
46aaa and 46dab, and an arcuate cylindrical outer surface 46ab. intenmediate portions 
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46b extending from the Interior portions that have an arcuate conical inner surface 
46ba and arcuate cylindrical and spherical outer surfaces, 46bba and 46bbb, and outer 
pwtions 46c having arcuate cylindrical inner and outer surfaces, 46ca and 46cb. in an 
exemplary embodiment, the outer surfaces 46ab of the inner portions 46a of the upper 
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The arcuate Inner cylindrical surfeioes 46aaa mate with and receive the lower mandrel 
34. the arcuate Inner cylindrical surfaces 46adb rrate with and rec^ the arcuate 
cyfindrical outer surfaces 38ccb of the outer portions 38co cS the corresponding cam 
10 arms 38c of *e upper cam assembly 38, and the arcuate Inner conical surfeces 46ba 
mate with and receive the arcuate conical outer surfaces 38cbb of the intermediate 
portions 38cb of the corresponding cam amis of the lower cam assembly. 

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner 
15 surface 46aaa is less than the radius of curvature of the arcuate cylindrical Inner 
surface 46aab. In an exemplary embodiment, the radius of curvature of the arotate 
cylindrical inner surface 46ca is greater than the radius of curvature of the arcuate 
cylindrical surface 46aab. In an exemplary embodiment, the arcuate cylindrical Inner 
surfaces. 46aaa and 46aab, are parallel, in an exen^lary embodiment, me arcuate 
20 cylindrical outer surface 46ab is inclined relative to the arcuate cylindrical inner surface 
46aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 46bba is 
paraltel to the arcuate cylindrical inner surfaces, 46aaa arMj 46aab, In an exemplary 
embodiment, the arcuate cylindrical outer surface 46cb Is inclined relative to the 
arcuate cylindrical inner surface 46ca. 

25 

In an exemplary embodiment, the geometries of the upper and lower expansion cone 
segmoils 44 and 46 are substantially identical. In an exemplary embodiment, the 
upper expansion cone segments 44 are tapered in the longitudinal directton from the 
ends of the intermediate porfons 44b to the ends of the outer portions 44c, and the 
30 lower expansion cone segments 46 are tapered in the longitudinal direction from the 
ends of the Intennedlate portions 46b to the ends of the outer portions 46c. In an 
exentplary embodiment, when the upper and lower expansion segments, 44 and 46, 
are positioned In a fUlty expanded position, the arcuate cylindrical outer surfaces, 
44bba and 46cb, of the upper and lower expansion cone segments define a contiguous 
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cylindrical surface, the arcuate spherical outer surfaces, 44bbb artd 46bbb. of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface, 
and the arcuate cylindrical outer surfoces, 44cb and 4ebba, trf the upper and lower 
expansion cone segments define a contiguous cylindrical surfece. 

5 

An end of a Itymr retaining sleeve 48 defines a passage 48a for receiving and mating 
with tt>e outer circumferential surfaces of me external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40, and an Inner annular recess 48b, and 
includes an Internal flange 48c for retaining the external flange of ttie lower cam 

10 assembly, and an internal flange 48d at one end of the lower retaining sleeve that 
includes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o^lng seal 50 Is received v^ln the 
anntdar recess 48b. A disc shaped shim 49 is positioned within the lower retaining 

15 sleeve 48 between the opposing end faces of the Internal flange 48c of the retaining 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surboes 46cb of the 
20 lower expansion cone segments 46 are aligned wlOi the outer surfece of the upper 
retaining sleeve 42. In an exemplary embodiment the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surfoce of the lower retaining sleeve 48. 

25 

An end of a float shoe adaptor 50 that includes a plurality of drcumferentialiy spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received vwthin and threadably coupled to an end of the lower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
30 mandrel 34, a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end, and includes an internal flange 50e, and a 
torsional coupling 50f at the other end that Includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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An end of a retaining sleeve 52 abute the end face of the tubular base 40a of the lower 
cam assembly « and b received within and mates vwth the passage 50b of the float 
shoe adaptor 50 that defines a passage 52a for receiving an end of the lower mandrel 
5 34, a thrnat passage 52> IndudSng s ball \'3K'e seat 52c, and IndiKlss a flango 52d. 
and another end of the retairring sleeve, having a reduced outside diameter, is received 
within and mates with the passage 50c of the float shoe adaptor 50. 

A stop nut 54 receives and is threadabiy coupled to the end of the lower mandrel 34 
1 0 within the passage 52a of the retaining sleeve 52, and shear pins 56 releasably couple 
the stop nut 54 to the retaining sleeve 52. Ijoddng dogs 58 are positk3ned within an 
end of the retain^ sleeve 52 that receive and are releasably coupled to the lower 
mandrel 34, and a disc shaj^ adjustment shim 80 recehfes the lower mandrel 34 and 
is posRioned within an end of the retaining sleeve 52 between the opposing ends of the 
15 tubular base 40a of the upper cam assembly 40 and the locking dogs 58. Burst discs 
62 are releasably coupled to and positioned within the radial passages 50d of the float 
shoe adaptor 50. 

An end of a float shoe 64 mates with and Is releasabiy coupled to the torsional coupling 
20 members 50fe erf the torsional coupling 50f of tt^ float shoe adaptor 50 that defines a 
passage 64a and a valveable passage 64b. In ttiis manner torstonal loads may be 
transmitted between the float shoe adaptor 50 and the float shoe 64. An end of an 
expandable tubular member 66 that sunDunds the tubular support member 12. the 
safety collar 14, the upper mandrel collar 18, the upper packer cup 24, the tower 
25 packer cup 28, the lower mandrel 34, the upper expansion cone segments 44. the 
tower expansion cone segments 46, and the ftoat shoe adaptor 50, is coupled to and 
receives an end of the ftoat shoe 64 and Is movably coupled to and supported by the 
arcuate s{^erical external sur^K^. 44bbb and 46bbb, of the upper and lower 
expansion cone segments, 44 and 46. 

30 

During operation, as illustrated in Figs, la and lb, the apparatus 10 at least parfially 
positioned within a preexisting stnicture such as, for example, a borehole 100 that 
traverses a subterranean formation that may include a preexisting weilbore casing 102. 
The borehole 100 may be oriented in any position, for example, from vertical to 
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horizontal. A fluldlc material 104 is then Injected Into the apparatus 10 through the 
passages 12a. 14a, 22a. 34c. 50c. 64a. and 64b Into the annulus between the 
expandable tubular member 66 and the borehole 100. In an exempteiy embodiment, 
the fluidic material 104 Is a hardenabte fluldlc sealing material. In this manner, an 
5 annular sealing layer may be fomwd within the annulus between the expandabte 
tubuleff member 66 arui the borehole 100. 

As Dlustrated in Rgs. 10a and 10b, a ball 106 is then be positioned within and blocking 
the valveable passage 64b of the float shoe 64 by injecting a fluidic material 108 Into 

10 the apparatus 10 through the passages 12a. 14a. 22a. 34c, and 50c. As a result, the 
Increased operating pressure within the passage 50c bursts open the burst discs 62 
positioned within the radial passages 50d of the float shoe adaptor 50. The continued 
injection of the fluidic material 108 thereby pressurizes the interior of the expandable 
tubular member 66 below the lower packer cup 28 thereby displacing the upper and 

15 lower expanston cone segments. 44 and 46. upwardly relative to the float shoe 64 and 
the expandabte tubular member 66. As a result, the expandabte tubular member 66 is 
ptesflcaRy deformed and radially expanded. Thus, the burst discs 62 sense the 
operating pressure of the if^ected flukfic material 108 within the passage 50c and 
thereby control the inltiatton of the radial expanston and plastic defonrotion of the 

20 expandabte tubular merrri)«- 66. 



In an exemplary embodiment, any leakage of the pressurized fluMte material 108 past 
the tower packer cup 28 Is captured and seated against further leakage by the upper 
packer cup 24. In this manner, the tower packer cup 28 pruvMes the primary flutoic 
25 seal against the interior surface of the expandabte tubuter member 66. and the upper 
packer cup 24 provWes a secondary, back-up. fluUle seal against the interior surfece of 
the expandabte tubuter member. Furthemiore. because the lower packer cup 28 
and/or the upper packer cup 24 provide a fluid light seal against the Interior surface of 
the expandabte tubular member 66, the upper and lower expanston cor»e segmente. 44 
and 46. are pulled upwardly through the expandabte tubular member by the axial 
fwces created by the packer cups. 



3D 



In an exemplary embodiment, during the radial expansion process, the interface 
between the arcuate sph^lcal external surfaces, 44bbb and 46bbb. of the upper and 
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lower expanston cone segments, 44 and 46, and the interior surface of the expandable 
tubular member 66 e not fluid tight As a result, the fluidic material 108 may provide 
kibricafim to the entire extent of the interface between the (^indricai external surfaces. 
44bba and 46cb, and the arcuate spherical external surfaces, 44bbb and 46bbb, of the 
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expandable tubular member 66. Moreover, experUnentart test results have Indicated 
the unexpected result that the required operating pressure of the flulcBc material 108 for 
radial expansion of the expand^e tubular member 66 Is less when the Interface 
between the cylindricad external surfaces, 44bba and 46d), and ttie arcuate spherical 
external surfeioes, 44bbb and 46bbb, of the upper and lower expansion cone segments, 
44 and 46, and the interior surface of the expandable tubular menri>er 66 is not fluid 
tight FurthemnoTB, experimental test results have also demonstrated that the arcuate 
spherical externa! surface provided i^' the arcuate spherical e)demai surfaces. 44bbb 
and 46bbb, of the upper and low^ expansion cone segments, 44 and 46, provides 
radial expansion and plastic deformation of the expandable tubular member 66 using 
lower operating pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as illustrated in Figs. 11a, 11b, 12, 13, 14, 15, and 18, 
the upper and lower expansion cone segments. 44 and 46, may then t>e adjusted 1o a 
collapsed position by pladng a bail 110 within the ball valve seat 52c of the thnDat 
passage 52b of ttie retaining sleeve 52. The conHnued injection of the fluidic material 
108, after the placement of the ball 110 within the ball valve seat 52c, creates a 
differential pressure across the ball 1 10 thereto applying a downward longitudinal force 
onto the retaining sleeve 52 thereby shearing the shear pins 56. As a result, the 
retaining sleeve 52 is displaced In the downward longitudinal direction relative to the 
float ^oe adaptor 50 thereby permitting the locking dogs 58 to be displaced outwardly 
in the radial direction. The outward radial displacement of the locking dogs 58 
disengages the locking dogs from engagement with the lower nuindrei 34. Thus, the 
shear pins 56 sense the operating pressure of the injected fluldte material 108 within 
the throat passage 52b and thereby contrdPing the initiation of the collapsing of the 
upper and k>w^ expanston cone segments, 44 and 46. 



The continued injection of the flukllc material 108 continues to displace the retaining 
sleeve 52 in the downwanl longitudinal direction relative to the float shoe adaptor 50 
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until the external flange 52d of the retaining sleeve 52 Impacts, and applies a 
downward longitudinal force to. the internal flange 50e of the float shoe adaptor. As a 
result the float shoe adaptor 50 is then also displaced in the downward longitudinal 
direction relative to the lower mandrel 34. The downward longitudinal displacement of 
the float shoe adaptor 50 relative to the lower mandrel 34 causes the lower cam 
assembiy 40, the kwer expansion cone segments 46. and the tower retaining sleeve 
48. which are rigidly attached to the float shoe adaptor, to also be displaoed 
downwardly In the longitudinal direction relative to the lower mandrel 34. the upper cam 
assembly 38, and the upper expansion cone segments 44. 

The downward longitudinal displacement of the lower cam assembly 40 relative to the 
upper expansion cone segments 44 causes the upper expansion cone segments to 
slide off of the conical external surfaces 40cbb of the lower cam assembly and thereby 
pivot inwardly in the radial direction about the internal flange 42d of the upper retaining 
sleeve 42. The downward longitudinal displacement of the lower expansion cone 
segments 46 relative to the upper cam assembly 38 causes the tower expansion cone 
segments 46 to slide off of the external conical surfaces 38cbb of the upper cam 
assembly and thereby pivot inwardly in the radial direction about the Internal flange 48d 
of the lower retaining sleeve. As a resuK of the inward radial movement of the upper 
and lower expansion cone segments. 44 and 46. the arcuate external spherical 
surfaces. 44bbb and 46bbb, of the upper and lower expansion oone segments. 44 and 
46. no longer provide a substantially contiguous outer arcuate spherical surface. 

The downward longitudinal movement of the retaining sleeve 42 and float shoe adaptor 
50 relative to the lower mandrel 34 is stopped when the stop nut 54 impacts the locking 
dogs 58. At this point, as iUustrated in Figs. 17a and 17b. the apparatus 10 may then 
be removed from the interior of the expandable tubular member 66. 

Thus, the apparatus 10 may be removed from the expandable tubular member 66 prior 
to the complete radial expansion and plastic deformation of the expandable tubular 
member by oontrollably collapsing the upper and tower expansion cone segments. 44 
and 46. As a result, the apparatus 10 provides the following benefrts: (1 ) the apparatus 
Is removable when expanston problems are encountered; (2) lower expansion forces 
are required because the portton of the expandable tubular member 66 between the 
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packer cups, 24 and 28, and tt>e expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can he run dowim 
through the expandable tutxilar meml)er, prior to radial expansion, and ften the 
expansion cone segments can be expanded. 

s 

h several aKematlve embodiments, resilient members such as, for example, spring 
dements are coupled to the i^per and lower expanskm cone segments, 44 and 46, for 
resifiently biasing the exparsion cone segments towards the expanded or collapsed 
position. 

10 

In several Amative embodiments, the placement of tte upper and lower expansion 
cone segments. 44 and 46, In an expanded w collapsed position is reversible as 

25791.B8.02» filed on , the disclosure of which is inoorporatBd herein by 

15 refisrence. 

In several alternative embodiments, a small gap is provided between the upper and 
tower expansion cone segments. 44 and 46, when positioned in the expanded 
condition that varies from sA>o\A .005 to .030 inches. 

20 

An apparatus for radially expanding and plastically defomiing an expandable tubular 
member has been described that Includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 

25 member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a fibular bc^ coupled to the upper tubular 
support member, and a plurality of cam arms extending from ttie tubular base in a 
downward longitudinal direction, each csnn arm defining an bidined surface, a plurality 
of upper expansion cone segments interieaved with the cam anns of the upper cam 

30 assembly and pivotally coupled to the tubular snJport member, a lower tubular support 
member defirdng a second passage fhildidy coupled to the first passage releasably 
coupled to the upper tubular support member, a lower cam assembly ooufded to the 
lower tubular support member comprising: a tubular base coupled to the low^ tubular 
support ntember, and a plurality of cam anms extending from the tubidar base in an 
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upward longitudinal direction, each cam arm dining an inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams anro of the upper cam assembly are interleaved with and 
overlap the cam amis of the kwer cam assembly, and a plurality of lower expansion 
cone segments Interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a corresponding one of the cam amis of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and tower expansion cone 
segments together define an arcuate spherical external surface for plastcally 
defomiing and radially expanding the expandable tubular member, in an exemplary 
embodiment, the upper tubular support member Includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of drcumferentially spaced apart 
meshing teeth at an end. an upper mandrel including a plurality of drcumferentially 
15 spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end. and a lower mandrel coupled to the 
external flange of the upper mandrel induding an external flange induding a plurality of 
drcumferenHally spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly indudes a plurality of dicumferentially spaced 

20 apart meshing teeth for engaging the meshing teeth of the external flange of the lower 
mandreL in an exemplary embodiment, the apparatus further indudes a stop nut 
coupled to an end of the lower mandrel for Dmiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further Indudes loddng dogs coupled to the lower mandrel. In an exemplary 

25 embodiment, the lower tubular support member Indudes: a float shoe adapter induding 
a plurality of drcumferentially spaced apart meshing teeth at one end. an intemal 
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an 
end of the float shoe adapter Induding an intemal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 

30 adapter reieasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly Indudes a plurality of drcumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment, 
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the apparatus further bidudes a fkat shoe releasably coupled to the torsional coupling 
of the float shoe adaptor, and an expandatile tubular member coupled to the float shoe 
and supported by and movabiy coiq)led to the upper and lo*iw expansion cone 
segments. In an exemplary embodiment, the apparatus further indudes: one or more 

5 shear pins coupled between the upper tubu^r support memb^ and the tower tubular 
support member. In an exen^>lary embodiment, the apparatus furUier indudes: a stop 
member coupled to the upper tubular support member for limHino movement of the 
upper tubular support member retative to the lower tubular supp(»t member. In an 
ttcemplary embodiment, the apparati» further indudes: a float shoe releasably oouf^ 

10 to (he lower tubular support member that defines a valveable passage, and an 
expandable tububr member coupled to the float shoe and supported by and movabiy 
coupled to the upper and lower expansion cone segments. In an exemplary 

emtKXiiment. each Unnei* nxmnelnn mna eanmant irutli 
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an arcuate cyHndrical upper surface induding a hinge groove for plvotally coupBng the 
15 upper expansion cone segment to the upper tubular support member and arcuate 
cylindrical lower surfaces, an Intennediate portion defining arcuate cylindrical and 
spherical upper surfaces and an arcuate conical lower surface, and an outer portion 
defining arcuate cyOndrical upper and lower surfaces, and viAierein each lower 
expansion cone segment Indudes: an inner portion defining an arcuate cylindrical 
20 upper surface induding a hinge groove for pivotaily coupling the lower expansion cone 
segment to the lower tubular support member and arcuate aytindrioal lovirer surfaces, 
an Intennediate portion defining arcuate cylindrical and spherical upper surfaces and 
an arcuate conical lower surface, and an outer portion defining arcuate cylindrical 
ifljper and lower surfaces. In an exemplary embodiment, each upper expansion cone 
25 segment Is tapered in the longitudinal direction from the intennediate portion to the 
outer portion; and wherein each lower expansion cone segment is tapered in the 
longitudinal direction from the intemiedlale portion to the oultsr portion. 

An apparattjs for radialh^ expandbig and piastically defonning an expandable tubular 
30 member has also been descrflsed tiiat Indudes a safety collar, a torque plate coupled 
to the safety collar induding a plurality of drcumfsrenfially spaced apart meshing teeth 
at an end. an upper mandrel induding a of drcumferentiaily spaced apart 

meshing teeth at one end for engaging the meshing teeth of ttie torque plate and an 
^eternal flange at another end. a lower mandrel coupled to the e)demal flange of the 
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upper mandrel including an external flange including a plurality of ctrcumferentlally 
spaced apart meshing teeth, a stop nut coupled to an end of tfie lower mandrel, an 
upper retaining sleeve coupled to the lower mandrel including an internal flange, one or 
more cup seals coupled to the upper mandrel for sealing an inferfece between the 
5 upper mandrel and the expandable tubular member, an upper cam assembly coupled 
Jo ihe lower mandrel including: a tubular base including a plurality of drcumferentially 
spaced apart meshing teeth for engaging the meshing teeth of the external flange of 
the lower mandrel, and a pluraWy of cam amis extending from the tubular base in a 
downward longitudinal direction, each cam ami defining an inclined surface, a pluraTity 
10 of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pIvotaBy coupled to the Internal flange of the upper retaining sleeve, a 
float shoe adapter Including a plurality of drcumferentially spaced apart meshing teeth 
at one end. an Internal flange, and a torsional coupling at another end, a lower 
retaining sleeve coupled to an end of the float shoe adapter Induding an internal 
15 flange, a retaining sleeve received within ttte float shoe adapter,* one or more shear 
pins for releasably coupfing the retaining sleeve to the stop nut. a lower cam assembly 
coupled to the float shoe adapter Induding: a tubular base induding a plurality of 
drcumferentially spaced apart meshing teeth for engaging the meshing teeth of the 
float Shoe adapter, and a plurality of cam amis extending from the tubular base in an 
20 upward longitudinal direction, each cam arm defining an indlned surface that mates 
with the indlned surface of a comespondlng one of the upper expansion cone 
segments, wherein the cams anms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
segments Interteaved with cam anns of the lower cam assembly, each lower expansion 
25 cone segment ph/otally coupled to the internal flange of the lower retaining sleeve and 
mating with the indined surface of a correspond&ig one of the cam anns of the upper 
cam assembly, a float shoe releasably coupled to the torsional coupling of the float 
shoe adaptor, and an expandable tubular member coupled to the float shoe and 
supported by and movably coupled to the upper and lower expansion cone segments, 
wherein the lower expansion cone segments interieave and oveilap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together deflne an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member, wherein each upper expansion 
cone segment indudes: an Inner portion deflning an arcuate cylindrical upper surface 

23 



30 



including a hinge groove for plvotally coupling the upper expansion cx)ne segment to 
the upper tubular support mentber and arcuate cylindrical lower surfaces, an 
intermediate portion defuiing arcuate cylindrical and spherical upper surfaces and an 
arcuate conicd lower surface, and an outer portion defining arcuate cylindrical upper 

portion defining an arcuate cylindrical upper surfece including a hinge groove for 
pivotally coupling the lower ^cpansbn oone segment to the tower tubular support 
member and arcuate c^indrical lower surface, an Intermediato portion defkiir^ 
arcuate cylindrical and sph^cal upper surfeK^es and an arcuate conical lower surface, 
and an outer portion defirring arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intenrodlate portion to ttie outer portion, and wherein each lower expansion cone 
segment Is tap^^ In the ter^itudiitai dire^on froin'the Intennediate portion to the 
outer portion. 



A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assenrtf)ly coupled 
to the upper tubular support member Including: a tubular base coupled to tte upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 
assembly and ptvotally coupled to the internal flange of the upp^ tubular support 
member, a lower tubular support member Including an intemal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam amis extending from the tubular base in an upward longitudinal direction, each 
cam ami defining an Inclined surface that n^es with the inclined surface of a 
corresponding one of the upper expansion oone segments, wherein the cams anms of 
the upper cam assembly are interieaved with and overiap the cam arms of the lowver 
cam asserribly, and a plurality of lower expansion cone segments interieaved with cam 
arms of the lower cam assembly, each lower expansion oone segment pivotally 
ooupted to the intemal flange of the lower tubular support member and mating vA\h the 
inclined surface of a corresponding one of fte cam anns of the upper cam assembly, 
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wherein the lower expansion cone segments interleave and overiap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically defcumlng and 
radially expanding the expandable tubular member. In an exemplary embodiment, 
each upper expansion cone segment includes: an inner portion defining an arouats 
eyfindiicai upper surface Including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cytindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cyDndrical upper and lower surfaces, and wherein each lower expansion cone segment 
Includes: an Inner portion defining an arcuate cyfindrical upper surface including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
15 surface, and an outer portion defining arcuate cytindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered In the 
iongttudinal direction from the intemiediale portion to the outer portion, and wherein 
each lower expansion cone segment is tapered In the Iongttudinal direction from the 
intemiediate portion to the outer portion. 

20 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support mentber including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 

25 downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interieaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 

30 members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a pluraHty 
of cam arms extending from the tubular base In an upward longitudinal direction, each 
cam amn defining an indinad surface that mates wfth the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams anns of 
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Ihe upper cam assembly are interleaved with and overiap the cam amis of the lower 
cam assembly, and a pluralHy of lower expansion cone segments interleaved wHh cam 
amis of the tower cam assembly, each tower expansfon cone segment pivotally 
ooupled to the Internal flange of the lower tubular support member and mating with the 

5 inclined surface of a corresponding on© of the cam arms of the upper cam assembly. 
wheiBin the tower expansion cone segments Interleave and overlap the upper 
expanston cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical axlemal surface for plastically defbrming and 
radlayy expanding the expandable tubular member, wherein each upper expansion 

10 cone segment includes: an inner portion defining an arcuate cyUndrical upper surface 
including a hinge gnjove for pivotally coupling the upper expansion cone segment to 
the upper tubidar support member and arcuate cyfindrical lower surfaces, an 
intennnediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defirring arcuate (^indrical upper 

15 and lower surfaces, vwherein each lower expanston cone segment Includes: an inner 
portfon defining an arcuate cylindrical upper surface including a Mnge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an Intermediate portion defining 
arcuate cyOndrical and spherical upper surfaces and an arcuate conical lower surface, 

20 and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direcfion from the 
Intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal directfon firom the intermediate portion to the 
outer portion. 

25 

An apparatus for radially expandlr^ and plasticafly defomiir^ an expandable tubular 
men4)er has also been described that includes a tubular support member, a collapsible 
expansion cone coupled to the tubular support member, an expandable tubular 
member coupled to the collapsible expansion cone, meems for displacing the 
30 a^apsibto expanston cone relative to the expandable tubular member, and means for 
collapsing the expansion cone. In an ^mplaiy embotflment, the tubular support 
member includes an upper tubular support member inducHng an intenr»l flar^e and a 
lower tubular support nnember including an internal flange, wherein the expansicm cone 
includes: an upper cam e»sembly ooupled to the upper tubular support member 
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Including: a tubular base coupled to the upper support member, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an incfined surface, a pluralHy of upper expansion cone segments 
interleaved with the cam amis of the upper cam assembly and pivotaDy coupled to the 
Internal flange of the upper tubular support member, a lower cam assembly coupled to 
the lower tubular support member including: a tubular base coupled to the lower tubular 
support member, and a plurality of cam amns extending fiwn the tubular base In an 
upward longitudinal direction, each cam arm defining an Inclined surface that mates 
with the Inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam amis of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the Internal flange of the lower tubular 
support member and mating with the inclined surface of a corrBspondlng one of the 
15 cam aims of the upper cam assembly: and virtiereln the apparatus further includes: 
means for releasabty coupflng the upper tubular support member to the lower tubular 
support men*er, and means for limiting movement of the upper tubular support 
member relative to the lower tubular support member. In an exemplary embodiment, 
the apparatus further includes: means for pivoting the upper expansion cone segments, 
and means for pivoting the lower expansfon cone segments. In an exemplary 
embodiment the apparatus further includes: means for pulling the collapsible 
expansion cone through the expandable tubular member. 

A collapsible expansion cone has also been described that includes an upper cam 
25 assembly Including: a tubular base, and a plurality of cam arms extending from the 
tubular base in a downward longitudinal direction, each cam arm defining an inclined 
surface, a plurality of upper expansion cone segments interleaved with the cam anns of 
the upper cam assembly, a lower cam assembly including: a tubular base, and a 
plurality of cam amre extending from the tubular base In an upward longitudinal 
direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments, virhereln the 
cams amis of the upper cam assembly are interleaved with and overiap the cam arms 
of the lower cam assembly, a plurality of lower expansion cone segments Interleaved 
with cam arms of the lower cam assembly, each lower expansion cone segment mating 
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wtth the inclined surface of a coiTMponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segnwnts, and means for movir^ the lower cam ^sembly away from the upper 
expansion cone segments, in an exemplary embodiment, the upper and lower 
,. «w.n.w mntMam o^tctn^t cAuniicB suiiauo. in an 

exemplary embodsnent. each upper expandon cone s^ment Includes: an Inner 
portion defining an arcuate upper surfece and arcuate cylindrical lower surfaces, an 
Intermediate portion defining arcuate j^ndrtcal and spherical upper suifeces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, and wherein each lower expanston cone segment includes: an 
Inner portion defining an arcuate cyHndrical upper surface and arcuate cyGndrical lower 
surfeces. an Iniennediate portion defining arcuate cyOndrical and spherical upper 
surfeces and an arcuate corral lower wrface. and an outer portion defining arcuate 
cyRndricai upper and lower surfaces. In an exemplary embodiment, each upper 
1 5 expansion cone segment Is tapered In the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is lapered In ttie 
longitudinal direction from ttie Intermediate portion to ttie outer portion. 

A method of radially expanding and plastically deforming an expandable tubular 
20 member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone. Injecting a 
fluitfic material Into tiie tubular support member, sensing the operating pressure of the 
injected fluidic material within a first Interior portion of Vne tubular support member, 
displacing tiie collapsible expansiwi cone relative to ttie expandable tubular member 
» when ttie sensed operating pressure of ttie Injected fluWlc material exceeds a 
predetemnined level wlttiin tiie first interior portion of ttie tubular support member, 
sensing ttie operating pressure of ttie irijeded fluidic material wittiin a second interior 
portion of ttie tubular support member, and collapsing ttie collapsible expansion cone 
when tie sensed operating pressure of ttie injected fluidic material exceeds a 
30 predetermined level wlttiin ttie second interior portion of ttie tubuter si4)port member, 
in an exemplary embodiment, the m^od ftmher Includes: pulling ttie collapsible 
expansion cone through ttie expandable tubulw member when ttie sensed operating 
pressure of ttie bijected fiuldic material exceeds a predetemilned level wittiin ttie first 
interior portion of the tubular support member. In an exemplary embodiment. puiEng 
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the collapsible expansion cone through the expandable tubular member includes: 
coupling one or more cup seals to the tubular support member above the collapsible 
expansion cone, pressuring the Interior of the expandable tubular member below the 
cup seals, and pulling the collapsible expanston cone through the expandable tubular 
5 member using the cup seals. In an exemplary embodiment, the tubular support 
member Includes an upper tubular support member and a lower tubular support 
member, and wherein collapsing the collapsible expansion cone includes displacing the 
upper tubular member relative to the lower tubular support member. In an exempiaiy 
embodiment, the collapsible expansion cone includes: an upper cam assembly 
10 Including: a tubular base, and a plurality of cam arras extending from the tubular base 
in a dovimward longitudinal direction, each cam ami defining an Inclined surface, a 
plurality of upper expansion cone segments interieaved with the cam arms of the upper 
cam assembly and pivotally coupled to the upper tubular support member, a lower cam 
assembly including: a tubular base, and a plurality of cam anro extending from the 
tubular base in an upward longitudinal direction, each cam ami defining an inclined 
surface that mates with the Inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams amis of the upper cam assembly are 
mtarleaved with and overlap the cam arms of the lower cam assembly, and a plurality 
of lower expansion cone segments interieaved vi/ith cam amis of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating virith the inclined surface of a corresponding one of the 
cam arms of the upper cam a8semt)ly. 

It is understood that variatons may be made in the foregoing without departing from 
25 the scope of the invention. For example, the teachings of the present Illustrative 
embodiments may be used to provide a wellbore casing, a pipeline, or a structural 
support. Furthermore, the elements and teachings of the various illustrative 
embodiments may be combined in whole or In part In some or all of the Hlustratlve 
embodiments. In addition, the expansion surfaces of the expansion cone segments 
30 may include any fbmi of Inclined surface or combination of inclined surface such as. for 
example, conical, spherical, ellipticeri. and/or parabolic. 

Although illustrative embodiments of the invention have been shovwi and described, a 
wide range of modricatlon, changes and substitution is contemplated In the foregoing 
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disdosure. In some Instances, some features of ttte present invention may be 
employed without a corresponding use of the oOier fisatures. Accordingly, it is 
appropriate that the appended dalms be construed broadly and In a manmr con^stent 
with the scope of the invenfion. 
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Claims 



1 . A collapsible expansion cone assembly comprising: 

an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support noember 

comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from Vt\e tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a pluraRty of upper expansion cone segments interleaved with the cam amr>s of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular suf^^xyt memben 

a lower tubular support member comprising an internal flange; 

one or more frangible couplings for releasably coupling the upper and tower 
tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tutHilar support memben.and 

a plurality of cam arms Ending from the tubular base in an upward longitudinal 
direction, each cam ami defining an inclined surface that mates with the indined 
surface of a corresponding one of ttie upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly: and 

a plurality of lower expansim cone segments interleaved with cam amns of the 
tower cam assembly, each lower expanston cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the Inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overiap the upper 
expansion cone segments; and 

wtierein the upper and lower expansion cone segments togettier define an 
arcuate spherical external surface for plastically defomning and radially expanding the 
expandable tubular member. 

2. The assembly of dalm 1, wfierein each upper expansion cone segment 
comprises: 
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an Inner portion defining an arcuate cyOndiical upper surface Including a hinge 
groove for pivotally coupDng the upper expansion cone segnnent to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 

^ Ml WW Mt I «H WW! tlVOI IVWWI 9Vfl ICIOO| Ol lU 

an outer portion defining arcuate cylindrical upper and tower surfaces; and 

wherein each lower expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally ocnjpOng the tower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; 

an intenmediate portion defining arcuate cylindrical and spherical upper surfeices 
and an arcuate conical lower surface; and 

an outer portk>n defining arcuate c^indricai i^per and low^ surfaces. 

15 3, The assembly of daim 1 , wherein each upper expansion cone segment is 

tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment Is tapered In the longitudinal 
direction from the intermediate portion to the outer portion. 

20 

4. A collapsible expansion cone assembly, comprising: 

an upper tubular support member comprising ai internal flange; 

an upper cam assembly coupled to ttie upper tububr support member 

comprising: 

25 a tubular base coupled to the upper support member; and 

a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interteaved with the cam amis of 
the upper cam assembly and pivotally coupled to the intemal flange of the upper 
30 tubidar support member; 

a lower tubular support member comprising an intemal flange; 
one or more frangible couplings for releasabiy coupling the upper and lower 
tubular support members; 

a lower cam assembly coupled to the tower tubular suK>ort member comprising: 
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a tubular base coupled to the lower tubular support member, and 

a plurality of cam amis extending from the tubular base in an upward longitudinal 
direction, each cam ann defining an inclined surfece that mates with the inclined 
surface of a conresponding one of the upper expansion cone segments; 
5 wherein the cams arms erf the upper cam assembly are interleaved with and 

overlap the cam anns of the lower cam assernbiy, and 

a plurality of lower expansion cone segments interleaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotaOy coi^led to the 
internal flange of the lower tubular support member and mating wHh the inclined 
1 0 surface of a corresponding one of the cam anns of the upper cam assembly; 

wherein the lower expansion cone segments interleava and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonnlng and radially expandirig the 
15 expandable tubular member, 

wherein each upper expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
si«>port member and arcuate <^ndrlcal lower surfaces; 
20 an htennediate portion defining arcuate cylindrical and spherical upper surfaces 

and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindricai upper and lower sifffaoes; 

wherein eadi lower expansion cone segment comprises: 

an Inner portion defining an arcuate cylindrical upper surface Inducflng a hinge 
25 groove for pivotelly coupling the lower expansion cone segment to the lower tubular 
support member and arcuate c^indrical lower surfaces; 

an intemiediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defhiing amete (^indrical upper and lower swfaces; 
30 wherein each upper expansion cone segment is tepered in the longitudinal 

direction from ttie intenmediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinai 
direction firom the intemiediate portion to the outer portion. 
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5. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base In a downward 

lMMMU«*^Ma*l «4I»MMflAM A^^K MFMM /^aISi^Smm ImmIIaa/I m irf 

twni^iunjntai vinvwuvrti, vcbmi vniii wvinini^ cui nngMtit^i*^ •9%itt«iw«,»f 

a plurality of upper expansion cone segments interieaved with ttie cam arms of 
the upper cam assembly; 

a lower cam assembly oornprising: 
a tubular base; and 

a plurality of cam anns extending from the tubular base in an upward longitudinal 
(firecfon. each cam arm deftnir^ an inclined surtece that mates wiOi the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein ihe cams anms of the upper cam ^5S6mb^/ are interieaved with and 
overlap the cam anms of the lower cam assembly; 

a plurality of lower expansion c(x>e segments interieaved with cam anro of the 
lower cam assembly, each lower expansion cone segment mating with the inclir^d 
surfeice of a corresponding one of the cam anus of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments: and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

6. The apparatus of claim 5, wherein ttie upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

7. The apparatus of daim 5, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate qilndrical un>er surface and arcuate 
cyiindrica! lower surfeces; 

an intenmediate portion defining arcuate cylindricd and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surfece and arcuate 
cylindrical bwer surfaces; 

an Intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

8. The apparatus of daim 5. wherein each upper expansion cone segment is 
tapered in the longlhidinal direction from the Intermediate portion to the outer portion; 
and 

wherein eadi lower expansion cone segment is tapered In the longitudinal 
direction from the intemnediate portion to the outer portion. 



9. A collapsibie expansion cone assembly comprising: 

an upper tubular support member comprising an Internal flange; 
an upper cam assembly coupled to the upper tubular support member 
compridng: 

a tubular base coupled to the upper support member, and 

a plurality of cam amis extending from the tubular base in a downward 
longitudinal direction, each cam ann defining an inclined surfece; 
20 a plurality of upper expansion cone segments interieaved with the cam amis of 

the upper cam assembly and pivotaly coupled to the internal flange of the upper 
tubular support member, 

a bwer tubular support member comprising an internal flange; 
a lower cam assembly coupled to the lower tubular support member comprising: 
25 a tubular base coupled to the tower tubular support member; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam ami defining an inclined surface that mates with the inclined 
surface of a con^sponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interieaved with and 
30 overiap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved wHh cam arms of the 
lower cam assembly, each lower expansion cone segment pivotaily coupled to the 
internal flange of the lower tubular support member and mating with the Inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 
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wherein the lower expansion cone segments interleave and overtap the upper 
expansion cone segnients. 

10. The assembly of daim 9, wherein the upper and lower expansion cone segments 
5 together define an arcuate spherical external surface for 
radially expanding the expandat)le tid>ular membw. 



11. The asseml>ly of daim 9, wherein each upper expansion cone segment 
comprises: 

an inner poitiCMi definir^ an wcuate (^indrical upper surface Including a Nnge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
8i«)port member and arcuate ^bidrical loww surfaces; 

an intermediate oortion definina 
and an arcuate cortical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfeoes; and 

wherein each lower expansion cone segment comfxises: 

an inner portion defining an arcuate cylindrical upper surface induding a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support memb«- and arcuate (^indrical lower surfaces; 

an Inlennedlate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate (^indrical upper and lower surfaces. 



12. The assembly of daim 9, wherein each upper expansion cone segment is 
tapered in the longitudinal diieclion from the intem^ediate portion to the outer portion: 
and wherein each lower expansion cone segment is tapered in the longitudinal 
direction finom the intermediate portion to the outer portion. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or mone cup seals coupled to the exterior surfooe of the upper tubular 
support member for seafing an interface betVKeen the upper tubular support member 
and the expandable tubular member, 

an upper cam assembly coupled to the upper tubular support member 
10 oomprislng: 

a tubular base coupled to the upper tubular support member, and 
a pluralHy of cam amis extending from the tubular base in a downward 
tongHudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and phratally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluldicly coupled to 
the first passage releasabiy coupled to the upper tubular support memben 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member and 
a plurality of cam amis extending firom the tubular base in an upward longitudinal 
direclion, each cam ann defining an mdined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overiap the cam amis of the lower cam assembly; and 

a plurality of lower expansion cone segments inlerieaved with cam anns of the 
lower cam assembly, each lower expansion cone segment pivotaily coupled to the 
lower tubular support member and mating with the inclined surto of a corresponding 
one of the cam amis of the upper cam assembly; 

wherein the lower expansion cone segments interieave and overiap the upper 
30 expan»on cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defonning and radially expanding the 
expand£d)le tubular member. 

2. The apparatus of daim 1. wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
drcumferentially spaced apart meshing teeth at an end; 

an upper mamlrel comprising a plurafity of drcumferentially spaced apart 
5 meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
extemal flange at another end; and 

a tower mandrel coupled to the extemal flange of the upper mandrel comprising 
an extemal flange comprising a plurality of drcumferentially spaced apart meshing 
teeth. 

10 

3. The apparatus of dalm 2, wherein the tubular base of the upper cam assembly 
comprfees a pluraBty of drcuntferentially spaced apart meshing teeth for engaging the 
meshing teeth of the ^eternal flange of the lower mandrel. 

15 4. The apparatus of dalm 2. further comprising: 

a stop mt coupled to an end of the lower mandrel for limitlr^ the niovement of 
the lower tubular member relative to the lower mandrd. 

5. The apparatus of daim 2. further comprising: 
20 locking dogs coupled to the lower mandrel. 

6. The apparatus of dalm 1 , wtierein the lower tutHJiar support member comprises: 
a float shoe adapter comprising a plurality of drcumferenOally spaced apart 

meshing teeth at one end, an internal flange, and a torsional coupling at another end; 
25 a lower retaining sleeve coupled to an end of the float shoe adapter comprising 

an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter reieasably coupled to 
the upper tubular support member. 

30 7. The apparatus of dalm 6. wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6, wherein the tubular base of the lower cam assembly 
comprises a plurality of drcumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

5 9. The apparatus of daim 6, further comprising: 

a float shoe releasably coupled to the torsional coupUng of the float shoe adapton 

artd 

an expandable tubular member coupled to the float shoe and supported by and 
movabiy coupled to the upper and lower expansion cone segments. 

10 

10. The apparatiB of daim 1 , further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 

15 1 1. The appsvatus trf daim 1, further comprising: 

a slop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
memt)er. 

20 12. The apparatus of daim 1, further comprising: 

a float shoe releasaUy coupled to the lower tubular support member that defines 
a valvealde passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movabiy coupled to the upper and lower expansion cone segments. 

25 

13. The apparatus of daim 1. wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surfeoe Induding a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
30 support mentber and arcuate cylindrical tower surfaces; 

an intermediate portion defining arcuate cyUndrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
wherein eadi lower expansion cone segment comprfees: 
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an Inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for prvotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cyllndricai lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an aro^te conical tower sur^ce; arni 

an out^ portion defining arcuate ^&idrical upper and tower surbces. 

14, The apparatus of daim 13. wherein each upper expansion cone segment is 
tapered in tte longifajdinal direction from the intennediate portion to the outer portion; 

10 and wherein each tower expansion cone segment te tapered in the tongitudinal 
direction from tfie intennediate portion to the wXet portion. 

15. An annaratiis fnr rarfialli/ avnonrllnn Qt%«4 Mi#««k«mik« ^^^mm^t^m^ «^ ..^..^^ui^ 

tubular membert comprising: 
15 a safety collar, 

a torque plate coupled to the safety collar comprising a plurality of 
drcuntferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurafrty of drcumferentlally spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
20 external flange at another end; 

a lower maiKlrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of drcumferentlally spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 
25 an upper retaining sleeve coupled to the lower mandrel comprising an intemal 

flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular memben 

an upper cam assembly coupled to the lower mandrel comprising: 
30 a tubular base comprising a plurality of drcumfarentially spaced apart meshing 

teeth for engaging the meshing teeth of the external flange of the tower mandrel; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam anm defining an Inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotaily coupled to the internal flange of the upper 
retatnmg sleeve; 

a float shoe adapter comprising a plura% of circumferentially spaced apart 
5 meshing teeth at one end. an Internal flange, and a torsional coupHng at another end: 
a lower retaining sleeve coupled to an end of the float shoe adapter comprfsing 
an internal flange; 

a retaining sleeve received within the float shoe adapten 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

10 nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 
a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
15 direction, each cam am defining an inclined surface that mates with the Inclined 
surface of a conesponding one of the upper expansion cone segments; 

wherein the cams amis of the upper cam assembly are interleaved with and 
overlap the cam amis of the tower cam assembly; 

a plurality of lower expansion cone segments interieaved with cam amis of the 
lower cam assembly, each lower expansion cone segment pivotaily coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
oonBsponding one trfthe cam anns of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adapton 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movaWy coupled to the upper and lower expansion cone segitients; 

wherein the lower expansion cone segments Interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radlaly expanding the 
expandable tubular member; 

wirtierein each upper expansion cone segment comprises: 
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an Inner portion defining an arcuate cynndrical upper surface including a hinge 
groove for plvotally coupling the upper expansion cone segment to the upper tubular 
si^port member and arcuate cybidrical tower surfaces; 

an intemtedlate portion defining arcuate cylindricai and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cyilndiical upper and lower sur^tces; 

wherein each tower expansion cone segment comprises: 

an inner portion defining an arcuate cyUndrical upper surface including a Mnge 
groove for pivotally ooupnng the lower expansion cone segment to the lower tubular 
10 support member and arcuate cyHndrtoal lower surfeces; 

an htennedlate porfion defining arcuate cylindrical and spherical upper surfoces 
and an arcuate conical lower surfoce; and 

an outer portion definlr^ arcuate cyUndrfcal upper and lower suifoc^; 

wherein each upper expansion cone segment Is tapered in the tong'rtudinal 
15 direction from the intemnediate portion to the outer portion; and 

wherein each tower expansion cone segment is tapered in the tongitudinal 
direction from the Intemnediate portion to the outer portion. 

1 6. A collapsible expansion cone assembly comprising: 
20 an upper tubular support member comprising an Intemal flange; 

an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper support member; and 
a plurality of cam anns extending from the tubular base in a dovmward 
25 ton^tudinai direction, each can arm defining an Inclined surface; 

a pluiaKfy of upper exparwion cone segments interteaved with the cam aims of 

the upper cam assembly and pivotally coupled to the internal flange of the upper 

tobuiar support meiT4)er, 

a lower tobuiar support member comprising an internal flange; 
30 one or more frangible couplings for reteasaUy ooiq>ling the upper and lower 

tobuiar support members; 

a lower cam assembly coupled to the lower tobuiar support member comprising: 
a tobuiar base coupled to me lower tobuiar support member and 
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a plurality of cam arms extending from the tubular t>ase In an upward longitudinal 
direction, each cam ann defining an Inclined surface that mates with the Indlned 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a con^sponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; ard 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically defomiing and radially expanding the 
expandable tubi^r member. 

17. The assembly of daim 16, wherein each upper expansion cone segment 
comprises: 

an Inner portion defining an arcuate cylindrical upper surface Including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
20 support member and arcuate cyiindrtcal lower surfeces; 

an Intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an wcuate conical lower surface; and 

an outer portion defining arcuate cyiindrical upper aid lower surfoces; and 

virt>erein each lowr expansion cone segment compifees: 
25 an Inner portion defining an arcuate cylindrical upper surface including a Nnge 

groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfeces 
and an arcuate conical lower surface; and 

30 an arter portion defining arcuate tyllndrical upper smd lower surfaces. 

18. The assembly of daim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intemnediate portion to the outer portion; 
and 
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Wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemiedlate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 

S an upper tubular supoort memtjer oomnrlslng an bitemal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support memben and 
a plurality of cam amrts extending from the tubular base in a downward 
10 longitudtnal direcfion, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments Interleaved with the cam amis of 
the upper cam assembly and pivotally coupled to the Intemal flange of the upper 
tubidar $u|»ort member; 

a lower tubular support member comprising an intemal flange; 
one or more frangible couplings for releasabiy coupling the upper and lower 
tubuter support membere; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam amis extending from the tubular base in an upward longitudinal 
20 direction, each cam ami defining an inclined surface that mates with the inclined 

surface of a corresponding one of the upper expansion cone segments; 

wherein the cams ams of the upper cam assembly are interteaved with and 

overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments Interieaved with cam amis of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 

internal flange of the lower tubular support member and mating with the Incflned 

surfece of a corresponding one of the cam amis of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 

expansion cone segments: 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tutoiOar memben 

wherein each iqpper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindiical upper surface Induding a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubuJar 
support meml)er and arcuate cylindrical lower surfaces; 

an Intemnediate portion defining arcuate ^drica! and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an Inner portiai defirung an arcuate cylindrical upper surface induding a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; 

an htermedtate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate omicai low^ surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment Is tapered in the longitudinal 
1 5 direction finom the intemnedlate portion to the outer portion; and 

wherein each lower expansion cone segmerrt Is tapered In the longitudinal 
diredion from the intemiediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
20 tidt>ular member* comprising: 

a tubular support member; 

a collapsible expansion oone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
25 tubular member, and 

means for collapsing the e)q>ansion cone. 

21. The apparatus of daim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 

30 support member comprising an internal flange; wherein the expansbn cone comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
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a pluralrty of cam arms extending from the tubular base in a downward 

longitudinal dlrecton, each cam ami defining an Inclined surface; 

a plurality of upper expansion cone segments Interieaved with the cam amis of 

the upper cam assembly and plvolaOy coupled to the Inlemal Hange of the upper 
5 tubular support member 

a lower cam assembly coupled to the lower tubular support nnember (comprising: 

a tubular base coupled to the lower tubular support memben and 

a plurality of cam amis extending from the tububr base In an upward lor^itudiral 

diradlon. each cam ann defining an inclined surface that mates with the Inclined 
10 surface of a awrespoiKJIng one of the upper expansion cone segments; 

wherein the cams anms of the upper cam assembly are interleaved with and 

overlap the cam anms of the tower cam asserhbly; and 

a Oluralitv Cd Imiiior nmaneinn /v\nA Mnnw^^e lM»#ha4«««M"^«< ••*i4W ^.^^^ 

- 5*; — « — J — -wTTw w^v^i^w • ai^iiRSiiiib ui^ncavou wiu I cMTm* Ul Ul© 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating wHh the Inclined 

surface of a corresponding one of the cam anms of the iq>per cam assembly; and 

wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support mend>er to the lower 

tubular support memt)en and 
20 means for Uniting movement of the upper tubular support member relative to the 

tower tubular sun^ member. 

22. The apparatus of daim 20, further comprising: 

means for pivoting the upper expanston cone segments; and 
25 means for pivoting ttie tower e^q^ansion cone segments. 

23. The apparatus of daim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expanston cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 



46 



a plurality of cam arms extending from the tubular base In a downward 
longitudinal direction, each cam arm defining an Inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam amis of 
the upper cam assembly; 
5 a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam amn defining an Inclined surface that mates with the Inclined 
surface of a corresponding one oi the upper expansion cone segments; 

10 wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam amns of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a conesponding one of the cam arms of the upper cam assembly; 

15 means for moving the upper cam assembly away from the lower expansion cone 

segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of dalm 24. wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of dalm 24, whmin each upper expansion cone segment 
comprises: 

25 an Inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 

an intemDedlate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
arxl an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of daim 24, wherein each upper expansion cone segnriOTt Is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intemnediate portion to the outer portion. 

28. A method of radially expanding and plastically defonning an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

&>|8Ct!r^ 8 fiUidic materia! into the tubular suppo^ 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support memben 

displacing the colls^ble expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the Injected fluidic material exceeds a 
predetermined level within the first interior portion of ttie tubular support member, 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member, and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the Injected fluidic material exceeds a predetemilned level within the second interior 
portion of tiie tubular support memt)er. 

29. The method of daim 28, further comprising: 

pulling the collapsible e)^nsion cone tiirough the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first intertor portion of the tubu^ support member. 

30. The method of daim 29, wherein pulling the ooBapsible expansion cone tivough 
ttie expandabte tubular member oomprises: 

couplirtg one or more cup seals to the tubular support member al)ove the 
collapsible expansion cane; 
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a plurality of cam arms extending from the tubular base In a downward 
longitudinal diredion, each can anm defining an Indined surface; 

a plurality of upper expansion cone segments interleaved vOh the cam anms of 
the upper cam assembly; 

a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base In an upward longitudinal 
direction, each cam ami defining an Inclined surface that mates with the Inclined 
surface of a conBsponding one of the upper expanslwi cone segmente; 

wherein the cams arms of the upper cam assembly are Interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower ex|Minsion cone segments Interteaved with cam arms of the 
lower cam assembly, each lower e)q)anslon cone segment mating with the inclined 
surface of a corresponding one of the cam anns of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion oone 
segments; and 

means for moving the lower cam assembly away firom the upper expansion cone 
segments. 

25. The apparatus of daim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surfoce. 

26. The apparatus of dabn 24. wherein each upper expan^on cone segment 
comprises: 

an inner portion defining an arcuate cyilhdrical upper surface and arcuate 
cylindrical tower surfaces; 

an intennediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate ^indrical and spherical upper surface 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindricai upper and lower surfaces. 

27. The apparatus of dalm 24, wherein each upper expansion cone segment Is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

direction from the mtermedlate portion to the outer portion. 

28. A method erf radially mpanding and piasOcaHy deforming an expandsd^le tubular 
memi)^, oomprteing: 

supporting the expandable tubular member using a tubular support member and 
a collapsible e)q;>ansion cone; 

injecb'ng a Ikiidic material into the tubular support memben 

seriSlng the operating pressure of the InjeiAed fluidlc rfiaieiiai wiuiln s fiist Intenor 
portion of the tubular support memben 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level wRhIn the first interior portion of the tubular support number 

serving the operating pressure of the injected fluidic material within a second 
interior portion of the tubular su^ort member, and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetennined level within the second interior 
portion of the tubular support member. 

29. The method of daim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30. The method of daim 29, wherein pulling the cdtepsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seats to the tubular support memt)er akxsve the 
collapsible expanston cone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the ooUapsible expansion cone through the expandable tubular member 
using the cup seals. 

31. The method cf c!slm 26. v^erein the tubular support ft^mber compr^es 
upper tubular support mamber and a lower tubular support member, and wherein 
coilapsir^ the ooliapsible expansion erne comprises dtepladng the upper tubula^ 
rnerTd)ef relath/e to the lower tubular support mernber. 

32. The method of claim 31, wherein the collapstole expansion cone comprises: 
an upper cam assembly comprising: 

a tubular base; and 

S piurSlliy Ul MUll «UII» VAWIIUIil^ II VIII UK? «• ^w — 

tongltudinal direction, each cam amn definhg an inclined surface; 

a plurality of upper expansion cone segments Interieaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam amis extending from the tubular base in an upward longitudinal 
direction, each cam amn defining an inclined surface that mates with the inclined 
suriface of a conwponding one of the upper expansion cone s^ments; 

wherein ttie cams amis of the upper cam assembly are Interieaved with and 
overtap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interieaved wth cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupted to ttK? 
lower tubular support member and mating with the Inclined surface of a conrespondlng 
one of the cam arms of the upper cam assentbly. 
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